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1 | INTRODUCTION

Abstract

Marine aquaculture (mariculture) plays a relatively small role in the United States’
domestic seafood production, despite considerable scope for industry development
and high volumes of imported farmed seafood resulting in a significant trade deficit.
Currently, most mariculture in the United States occurs in nearshore waters or land-
based tanks and is regulated and guided using state-level policy, with a relative absence
of national coordinating mechanisms to link the patchwork of state policies. There is
no comprehensive evaluation showing how different state policies may be enabling or
impeding mariculture development. In response, we provide the first systematic over-
view of state-level mariculture policy for the 23 coastal marine states in the United
States. We compiled information for 16 aquaculture and mariculture policy attributes,
including legislation, regulations and management characteristics, particularly those
that could enable mariculture development. We found considerable heterogeneity in
how states govern and regulate mariculture. As examples, 48% of states have an aqua-
culture development act, 35% have spatial zoning specifically for mariculture and only
26% have a government-provided mariculture best management practices document.
We examined the relationship between enabling policies and metrics of mariculture
output (e.g. production value, number of farms), and while the effect of enabling policy
is often equivocal, certain features stand out as important (e.g. government-provided
best management practices). Overall, this policy synthesis suggests approaches that
may be influential in enabling mariculture development, which could inform new state-
level policies, an effective overarching federal policy in the United States, or policies in

other countries seeking to support an expanded mariculture industry.
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the United States.? Globally, the contribution of aquaculture to

seafood supply has risen in recent decades, and currently makes

Marine aquaculture, or mariculture, is likely to play an increasingly up approximately half of seafood production for human consump-

important role in seafood production in the future, globally and in tion.® Although most of that growth has come from freshwater
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and land-based production, particularly freshwater pond culture

in Asia,g"4

mariculture has strong potential for growth given sig-
nificant space for expansion based on suitable environmental
conditions.>>® While the United States (U.S.) is a global leader in
sustainable wild fisheries landings, its aquaculture production is
relatively limited.>” Aquaculture in the United States primarily pro-
duces freshwater species; marine production makes up less than
1/5th of aquaculture production by volume (although about half
by value).2 However, the United States has considerable potential
to expand mariculture production given that it controls the second-
largest exclusive economic zone globally, and this marine territory
spans a broad range of ecological conditions that could support pro-
duction of a diversity of farmed species.®

Increased mariculture production, through mariculture expan-
sion, industry diversification or in some cases intensification, has
been identified by some as an important policy goal for the United
States.”? One of the main motivations is that the United States is a
major net importer of seafood (wild-caught and farmed)*® and mari-
culture development is seen as a way to reduce the seafood trade
deficit.’®'* Proponents also argue that increased mariculture pro-
duction has the potential to contribute to economic development,
revitalize coastal communities and working waterfronts, increase the
resilience of the domestic seafood system and provide ecosystem
service benefits, such as improved water quality.®>” Government
policy, including legislation, regulations and management insti-
tutions, has frequently been highlighted as key to both advancing
sustainable mariculture and impeding its development. At state and
national levels in the United States, a lack of sufficient government
support or enabling policies - or even restrictive and cumbersome
regulatory processes - have been identified as barriers to industry
expansion.”*®? Furthermore, government policies have the poten-
tial to help overcome other barriers to mariculture, including finan-
cial constraints and lack of necessary expertise, infrastructure or
other key inputs.?®?! At the same time, well-crafted policy can help
set appropriate environmental safeguards and place the industry on
an environmentally, socially and economically sustainable pathway
- important guardrails given that increased mariculture production
is not a universally accepted goal in the United States.??

Mariculture policy in the United States is complicated by state
versus federal government jurisdiction and sometimes-overlapping
authorities. Mariculture activities occurring in land-based tanks or
in state waters (i.e. within 3 nautical miles from shore, with a few
exceptions) falls under state government jurisdiction, and state
agencies (e.g. fish and wildlife or agricultural agencies) are responsi-
ble for planning and management. Mariculture beyond state waters
- in federal waters - falls under federal authority and is primarily
managed by the National Oceanic and Atmospheric Administration
(NOAA), although some federal statutes and regulations apply re-
gardless of where mariculture occurs (e.g. Clean Water Act Section
404; Rivers and Harbors Act Section 10).19 Past federal aquaculture
policy in the United States has largely centred on inland and fresh-
water production, while attempts to regulate marine aquaculture via
the use of existing federal fisheries policy frameworks have failed;

this leaves mariculture seemingly overlooked in the national policy
landscape. Although there have been numerous federal policy and
regulatory attempts specifically to advance mariculture develop-

ment in recent decades,®142324

comprehensive national maricul-
ture legislation has yet to be passed. However, a focus on federal
policy overshadows the potentially influential role of state policies
and governance. Currently, nearly all U.S. mariculture takes place in
state waters and land-based operations and, thus, is managed using
a patchwork of state-level policies and legislation.

Despite the concentration of mariculture oversight at the state
level, we lack a holistic understanding of the status of state maricul-
ture regulations and policies across the United States. Additionally,
the factors underlying how different state policies may enable or
impede the development of the industry are unclear. However, re-
search in other parts of the world, or for other food production sec-
tors, has highlighted the critical role of effective policy in supporting
the development of new industries and the productive output of
existing industries, mariculture included.?°?? For example, a global
study looking at 16 study sites suggested that mariculture develop-
ment and expansion is being hindered by non-standardized, overly
complex, time-intensive and costly government administrative pro-
cedures and licensing processes.25 These barriers were attributed
to obstacles related to planning, management and regulations.?’
Research evaluating the temporal patterns of mariculture devel-
opment worldwide found that the heterogeneity in country-level
mariculture production trajectories is explained in part using indi-
cators such as regulatory quality and governance effectiveness.?
In another global analysis, regulatory quality and the existence of
spatial planning were shown to be associated with higher volumes
of mariculture production for some farmed species.?” More broadly,
a global analysis of agriculture productivity examining 127 countries
found that better governance leads to higher agricultural outputs,
even when controlling for agriculture inputs, education level and cli-
mate.?® This body of work points to the importance of supportive
government institutions and policies, but the specific policy mecha-
nisms required likely vary depending on the context.

In this paper, we assess mariculture policy for all marine states
in the United States (n = 23), categorizing and documenting various
aspects of legislation, government objectives and programmes, reg-
ulations and management structures that govern mariculture, both
through more general measures for aquaculture and those specifi-
cally aimed at mariculture. We focus on aspects of state government
policy that we hypothesize could enable development, recognizing
mariculture development as a policy objective that has been gain-
ing prominence. Examples of potentially enabling factors include a
streamlined regulatory process, clear government guidance on man-
agement practices and regulations, and established aquaculture de-
velopment zones. We provide the first systematic overview of the
state-level mariculture policy landscape in the United States and de-
velop a metric of mariculture policy effectiveness (an ‘enabling pol-
icy score’). We assess whether various metrics of mariculture output
(e.g. sales value, number of farms) are associated with the enabling
policy score or with individual policy attributes. Our synthesis yields
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a diverse set of examples of state mariculture policies and regula-
tions. Viewed in concert, this overview could be used to identify
actionable pathways for an overarching federal policy or for a coor-
dinating mechanism to link the collective patchwork of state aqua-
culture policies, while also providing useful case studies for states
or other countries seeking to encourage mariculture development.

2 | STATE MARICULTURE POLICY IN THE
UNITED STATES

2.1 | Policy synthesis

This analysis includes policy data from the 23 U.S. states with a
marine coastline (referred to as ‘marine states’). We define govern-
ment policy broadly as including legislation, laws, rules, regulations,
regulatory guidance, stated government objectives, government
programmes, management structures, government partnerships and
responsible government agencies. To assess aquaculture and mari-
culture government policy, we identified a set of attributes that we
hypothesized could enable or facilitate mariculture development
based on existing published research, including policy studies of mari-
culture in other countries (see Table 1 for rationales for inclusion and
supporting literature for each attribute). For example, we included
policy attributes that could support development by reducing barri-
ers for permit and lease applicants, such as a streamlined regulatory
process, clear government guidance on management practices and
regulations, and established aquaculture development or enterprise
zones. We also focused on attributes for which we could obtain con-
sistent information across states. We collected information related
to aquaculture broadly, which includes the cultivation of all aquatic
species (freshwater and marine), but also included information that
was specific to mariculture. While more general aquaculture policies
and regulations are often applied to marine operations and thus are
relevant to our analysis, we hypothesized that mariculture-specific
regulations might be more influential in supporting the development
of marine aquaculture given the unique issues and challenges of
farming in the marine environment. For example, the nearshore and
open-water environment is often considered to be public property
and thus requires different types of leasing and zoning regulations
than may be needed for farming operations on land. We acknowl-
edge that definitions of mariculture can vary widely across states,
and, as such, we did not apply a unifying definition in our assessment
of mariculture-specific policies. Rather, we followed the definition
of mariculture set forth by each individual state and evaluated their
respective policies accordingly.

Our selection and analysis of policy attributes was informed
using various governance theories that are commonly applied to un-
derstanding coastal systems.?’ Mariculture governance in the United
States can be described as a polycentric system, whereby multiple
decision-making agencies have created a web of decentralized and
often overlapping policies and legislation that oversee the develop-
ment and management of the industry.2%*!* Thus, we hypothesized
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that there might be multiple ways to achieve an enabling policy envi-
ronment and selected a range of attributes to capture such diversity
and complexity, while also identifying attributes that could operate
from different government agencies or management structures. Our
analysis was also informed by interactive governance theory, which
focuses on the ‘fit’ between the governance system and the system
being governed and whether governance is meeting the necessary
challenges.®>%% Our focus on potential enabling factors applies this
frame, attempting to identify aspects of the existing mariculture
governance system that ‘fit’ current industry dynamics and facilitate
development, such as a more streamlined permitting process or clear
government-endorsed best management practices. Our assessment
of each attribute attempted to determine whether existing policies
create an enabling environment, paralleling similar interactive gov-
ernance theory assessments conducted by others for fisheries and
aquaculture 323435

For each marine state, we evaluated the policy attributes (n = 16)
using binary responses (yes or no) based on whether the state cur-
rently has that attribute (i.e. existence of a particular policy, law, reg-
ulation or practice). These attributes included 11 hypothesized to
be enabling and five that are relevant to understanding the current
mariculture policy landscape (e.g. whether the same state agency
oversees freshwater and marine aquaculture; Table 1), but for which
our expectations were less clear regarding their enabling status.
We compiled information using published literature and reports,
law and policy documents, and government websites (Table S1) and
searched for this information using Google, Nexis Uni and a detailed
examination of government websites for the agency responsible for
marine aquaculture planning and management. Four team members
divided up the states to compile information and code attributes,
and then a single individual verified that the information was coded
consistently across attributes and states. We also identified at least
one expert for each state, often someone directly involved in aqua-
culture management or policy for the state or a state Sea Grant
aquaculture extension specialist, to assist with the validation of that
state's information.

We found considerable heterogeneity among states for the
types of enabling policies that are in place (Table 2). The most com-
mon attribute was leasing regulations for marine aquaculture (91%
of states), and the least common was government-provided best
management practices for aquaculture (26%). Only about half of
states (48%) had an aquaculture development act or comprehensive
legislation intended to formalize and support aquaculture develop-
ment, but most of the states lacking this attribute (9 out of 12) did
have some form of legislation that is supportive of marine aquacul-
ture, albeit that legislation is not comprehensive. We found similar
heterogeneity when examining the other policy attributes that are
relevant to aquaculture development but that are not clearly hy-
pothesized to be enabling factors (Table 3). These other attributes
had a range of prevalence (13-78%), with a climate change policy or
initiative related to aquaculture as the least common attribute (found
only in Connecticut, Massachusetts and Washington). We found
that agency jurisdiction over marine aquaculture was commonly
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TABLE 1 Policy attributes that are hypothesized to be enabling for mariculture development, and other attributes related to mariculture
policy, including a rationale and explanation for their inclusion in our study, and supporting references

Enabling policy factors

Policy attribute

Aquaculture development
act or comprehensive
legislation

If yes: marine aquaculture
provisions

If no: non-comprehensive
marine aquaculture
legislation

Marine aquaculture leasing
regulations

Supportive aquaculture
initiatives or policies

Aquaculture best
management practices
(BMPs)

If yes: marine aquaculture
BMPs

Spatial zoning for marine
aquaculture

If no: comprehensive
multi-use marine spatial
planning

Marine aquaculture
government contact

Regulatory guidance

Explanation and rationale

There is an overarching aquaculture development act or
comprehensive legislation intended to support the development
of one or more types of aquaculture. Comprehensive enabling
legislation signals a state's intent to support aquaculture
development and can simplify and/or clarify the permitting and
regulatory process for farmers. This attribute does not include
piecemeal regulations or statutes related to aquaculture

The act or legislation includes specific provisions for marine
aquaculture. Although there are commonalities between
freshwater and marine aquaculture, having marine provision may
provide a more supportive governance climate

There is not an overarching act (or there is but it does not include
marine provisions), but there is legislation that is supportive
of marine aquaculture despite not being comprehensive. Any
enabling legislation can provide clarity and support for marine
aquaculture development. This attribute does not include
legislation exclusively about leasing (see next attribute)

There is a specific regulation(s) regarding marine aquaculture
leasing, including both general mariculture leasing regulations or
provisions that only pertain to a specific area or specific species.
Having specific regulations for leasing can provide certainty and
tenure security to the industry to encourage investment

There are initiatives, policies or programmes specifically aimed at
enabling aquaculture. This could include programmes designed to
provide funds or loans to offset the initial costs of starting a farm
or to provide training to potential farmers but does not include
more general government grants for aquaculture research

There is an aquaculture best management practices document,
labelled as such and provided by the government (either
produced by the government or officially endorsed by the
government). Such guidance can help facilitate sustainable
growth and clarify expectations for aquaculture development

The best management practices document includes specific guidance
for marine aquaculture

The state has spatial zoning specifically for marine aquaculture,
such as aquaculture enterprise zones, aquaculture opportunity
zones, approved aquaculture areas or potential lease sites, either
statewide or locally. Creating specific zones for aquaculture can
proactively encourage development, help address conflicting
uses and streamline the permitting process

The state has a comprehensive multi-use spatial plan, although it may
not specifically plan for aquaculture. Such a plan signifies a state-
wide commitment and process for reducing conflict among ocean
uses or management goals through zoning, spatial management
measures and/or comprehensive planning

There is an easily identifiable email address and/or phone number for
inquiries regarding marine aquaculture on a government website
for the state agency with oversight over marine aquaculture. This
signifies that the public can easily find a contact for questions or
assistance

There is state-provided comprehensive regulatory guidance, in the
form of a single document posted online or a webpage, that
outlines the complete regulatory process or presents a checklist
of all the steps for permitting, leasing and regulatory approval.
Providing specific and detailed guidance gives certainty and
clarity to prospective aquaculture developers

References

9,20,87,88

46,89

20,88

20,67,90

18,20,26

18,42,91

9,18,25,44,45

9,43,44,87

19,20

9,20,46



LESTER ET AL.

TABLE 1 (Continued)

Policy attribute

Other policy attributes Right-to-farm statute

includes aquaculture

Explanation and rationale

A state's right-to-farm law includes an aquaculture clause and/or

specifies that aquaculture is included in the states’ definition of
agriculture. Right-to-farm laws in the US protect farmers against
nuisance lawsuits filed by adjacent property owners or the
public, including for noise, odours, visual clutter and dangerous
structures. All states have some form of a right-to-farm law, but
not all of them explicitly protect marine aquaculture farmers from
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References

40

possible nuisance lawsuits

lllegal aquaculture
or aquaculture
moratoriums

Some types of aquaculture are illegal in the state or there is a
moratorium on producing certain species (e.g. no finfish farming
in net pens, a blanket rule against farming non-native species).

92,93

Rules against farming certain types of species or using certain
farming methods may constrain aquaculture development

Same agency for freshwater
and marine aquaculture

Having a single agency regulating freshwater and marine aquaculture
could improve integration, coordination or knowledge transfer

27

between the sectors. On the other hand, having a dedicated
agency for marine aquaculture could provide more specialized
attention or priority

Same agency for marine
fisheries and aquaculture

Having a single agency regulating marine fisheries and marine
aquaculture could allow for better integration or coordination

49

between the sectors. On the other hand, having a dedicated
agency for marine aquaculture could provide more specialized
attention or priority

Aquaculture and climate
change policy

There is a government policy, initiative, strategy or report focused
on climate change impacts, mitigation or adaptation that includes

60,94

considerations for aquaculture, thus recognizing the benefit of
developing resiliency to impending change

consolidated with that of freshwater aquaculture (77%), wild fisher-
ies (78%) or both (52%).

2.2 | Enabling policy score

To develop an enabling policy score for each state, we scored each
‘yes’ for an enabling policy attribute as a 1 and each ‘no’ as a 0, ex-
cept in a few cases where an attribute was nested under another
characteristic and was thus assigned 0.5 points for a ‘yes’ (Table 2).
Specifically, if a state had a comprehensive aquaculture develop-
ment act, which gave them one point, they received an additional
half point if the act had specific inclusions for marine aquaculture
(e.g. Alaska). If the state did not have an aquaculture development
act, they received a half point if they had other statutes specifically
related to marine aquaculture development (e.g. Alabama). Similarly,
if a state had an aquaculture best management practices document
(1 point), they received an additional half point if it specifically men-
tioned marine aquaculture (e.g. Florida). Lastly, a state received 1
point for having zoning for marine aquaculture (e.g. aquaculture
enterprise zones). If they did not have zoning specific to marine
aquaculture, they are assigned half a point if they had a multi-use
marine spatial planning framework, regardless of whether it had spe-
cific provisions for mariculture (e.g. Connecticut). We then summed
together points for all attributes for the ‘enabling policy score’. In
the absence of information about the relative importance of these

different attributes for a given state, we chose to use a simplified
scoring system that assumes equal (or half) weighting of all factors.
We found that states range from having none of the enabling policy
attributes that we examined (New Hampshire) to the highest pos-
sible score (8, New Jersey and Florida), with an average score across
all states of 4.8 (Table 2). There was no strong geographic pattern
for the enabling policy score, although New Jersey, Maryland and
Delaware are a cluster of high scoring states (Figure 1). This may
not be surprising, as there is potential motivation for these three
states to influence one another and share best practices given their
adjacent jurisdiction over marine natural resources in the Delaware

Bay region.

2.3 | Relationship between enabling policy and
mariculture output

We compared the relationships between the enabling policy
score and various individual policy attributes to a series of mari-
culture metrics at the state-level using data from the most recent
USDA Census of Aquaculture,®® with all analyses conducted in R
v3.6.1.%37 This Census provides a snapshot of U.S. aquaculture every
5-8 years (1998, 2005, 2013 and 2018) but has varying levels of
consistency and detail over time and among states and is more com-
plete for freshwater farming.38 Mariculture metrics included annual
sales value of marine species (in 2018 USD), number of saltwater
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TABLE 2 Enabling policy score and enabling policy attributes

Development act If yes: marine  If no: non-
Enabling or comprehensive  aquaculture comprehensive  Leasing Supportive initiatives or
State policy score legislation provisions legislation regulations  policies

Alabama 2.5 N

Delaware

Georgia

Mississippi

Oregon

South Carolina

Texas

Virginia N
N
Per cent of states 48% 80%

N

80% 91% 78%

Note: Bold columns provide 1 point and plain columns provide 0.5 points, for a highest possible score of 8. The state column is coloured
by number of farms (i.e. darker purple indicates more farms), the most reliable of the mariculture output metrics.

farms, total saltwater farm surface area (acres) and number of ma-
rine species farmed. The most complete metrics were the number
of farms, taxa, farm area and sales value, in that order, but all data
are likely underestimates of the true values.?® For these data, we ex-
cluded rainbow trout (Oncorhynchus mykiss) and hybrid striped bass
(Morone sp.) because, while both species can be grown in fresh or
saltwater, nearly all current production of these species in the United
States is in freshwater. For annual sales value, we used data from
the other metrics (e.g. number of farms), the 2013 USDA Census of
Aquaculture, and state-level reporting®® to determine whether zero
values were true zeros versus missing data (i.e. NAs). Most states
(>75%) had some level of commercial marine aquaculture production
(Table 3). Only two states reported no sales from marine aquaculture
in 2018 (New York and Delaware). Four additional states did not re-
port sales in 2018 because of confidentiality or other data-sharing
restrictions; most if not all these states likely had some level of pro-
duction and they reported other metrics of aquaculture output.

We examined whether enabling policy explained these four met-
rics of mariculture output by conducting linear regressions of the
enabling policy score predicting each metric (both unstandardized

and standardized using coastline length). In general, we found that
the enabling policy score was not a good predictor of mariculture
output given available data (Table 4). However, we found a signif-
icant relationship between the enabling policy score and number
of saltwater farms, with about 27% of the variation in farm num-
ber explained using the policy score. Number of farmed species and
production sales value showed non-significant but positive associ-
ations, whereas the association with farm area was essentially flat
(Figure 2). Several states with high values for one or more of the
mariculture output metrics had high enabling policy scores, includ-
ing Washington (enabling policy score of 6.5 out of 8 maximum),
Massachusetts (7) and Florida (8). Another state with the highest
policy score (New Jersey, 8) had only modest levels of mariculture
output and Louisiana, a state with the third-highest mariculture sales
value and highest farm area, had a medium policy score (4.5). We
also standardized the mariculture output metrics using the length of
a state's coastline (from https://coast.noaa.gov/data/docs/states/
shorelines.pdf) as a simple way to account for the different amounts
of coastal space available for mariculture development in each state.
When accounting for coastline length, only the relationship with
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If yes: marine aquaculture

Aquaculture BMPs BMPs

N

aquaculture

26% 100% 35%

number of species was significant, with higher policy scores associ-
ated with fewer farmed species (Table 4; Figure S1). This is perhaps
not surprising given the relatively low level of mariculture devel-
opment in the United States - levels at which technically adequate
aquaculture locations have likely not become a constraining factor.
To examine the relationship between individual policy attributes
and mariculture output, we conducted two sample t-tests for the
three mariculture metrics with the most comprehensive state cover-
age (number of farmed species, number of saltwater farms and sales
value), comparing the states that did and did not have individual pol-
icy attributes. We found that states that had a readily identifiable
government contact for mariculture and states with supportive poli-
cies or initiatives had a higher number of farmed species and a higher
number of farms (Figure 3). Additionally, government-provided best
management practices for aquaculture and the existence of right-
to-farm legislation that applies to aquaculture were both associated
with a higher number of farms. Surprisingly, zoning for marine aqua-
culture was associated with lower sales value, running counter to
our prediction. Finally, we had hypothesized that an aquaculture de-
velopment act or comprehensive legislation to support aquaculture

Zoning for marine
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Government
contact

If no: comprehensive
multi-use MSP

Regulatory
guidance

N N

27% 74% 65%

development would be an important driver of mariculture output,
but that was not supported using our analysis, and if anything, the
presence of such an act was associated with lower mariculture out-
put (Figure 3).

3 | UNDERSTANDING POLICIES THAT
ENABLE MARICULTURE

3.1 | Enabling and not-so-enabling policies

Through this analysis of state-level mariculture policy in the United
States, we identified several policy attributes that were positively as-
sociated with some metrics of mariculture output, including a clearly
identifiable government contact for mariculture inquiries, support-
ive government policies and initiatives, government-provided best
management practices for mariculture, and right-to-farm legislation
that pertains to aquaculture (Figure 3). Regulations for aquaculture
in the United States are highly complex, and the regulatory burden
has increased over time.’®? As such, it appears important to have a
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FIGURE 1 Geographic pattern of enabling policy scores presented in Table 2

TABLE 4 Linear regression results of states’ enabling policy score predicting different metrics of mariculture output

Response not standardized (Figure 2)

Response standardized per km of coastline

Response variables N Slope p-value
Number of species 23 + 0.142
Number of saltwater farms 21 0.017"
Saltwater farm area (acres) 16 - 0.925
Production sales value (USD) 19 + 0.571

*Denotes statistically significant (p < 0.05).

dedicated government contact available to address questions about
the permitting and regulatory process. Presence of such a contact
also can indicate that a government agency has dedicated staff and
resources for mariculture management. ‘Right-to-farm’ legislation,
which protects farmers against some legal actions, such as nuisance
lawsuits by neighbouring property owners related to disturbances
such as noise, visual impacts or odours, have been instrumental in
the United States in enabling persistence of commercial agriculture
in the face of rural and suburban residential development.®’ While
all states have right-to-farm laws, not all of them include aquacul-
ture under the umbrella of agriculture,40 and the role of such laws in
mariculture development has not been well-studied. Given the im-
portance of right-to-farm laws for terrestrial farming, and our finding

(Figure S1)

R? N Slope p-value R?
0.100 23 - 0.022* 0.226
0.266 21 - 0.350 0.046

<0.001 16 + 0.979 <0.001
0.019 19 + 0.555 0.021

that states that have right-to-farm statutes applicable to aquaculture
have a significantly higher number of marine farms, this issue merits
additional attention.

Government-provided best management practices (BMPs) are
utilized by the fewest states (n = 6) of all the enabling policy at-
tributes that we assessed. Of those states that have implemented
BMPs [including the USDA (2018) top two producers, Washington
and Virginia], all of them include BMPs specific for marine aquacul-
ture and all reported 2018 production sales in the millions to hun-
dreds of millions of dollars. Of course, as is true for many if not all
aspects of policy, it can be difficult to distinguish cause and effect.
For example, government-provided BMPs could help spur devel-
opment by providing clear guidance on acceptable practices and
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efficient ways to increase productivity while removing some of the
uncertainty from the permitting process,** or higher levels of mari-
culture development could prompt the need for BMPs to prevent
environmental degradation or other problems. BMPs also have been
highlighted by the U.S. aquaculture industry as a means to develop
consensus and a sort of 'soft law’, with or without government in-

volvement.*?

While this research focused on government policy and
found evidence that BMPs may be associated with industry growth,
the use and impact of non-governmental BMPs on aquaculture ex-
pansion is unknown but could be influential.

Our analysis also revealed policies that do not appear to enable
mariculture development, at least within the United States context.
For example, mariculture zoning was associated with lower maricul-
ture sales value, running counter to our prediction that government-
identified areas for development would remove a major source of
uncertainty and cost for potential farmers (i.e. site selection). In many
cases, zoned areas have already been screened for some aspects of
aquaculture suitability, thereby potentially reducing survey costs,
feasibility assessments and conflicts with other user groups.*>*
Zoning can also simplify the permitting process by removing some
site approval steps, which is particularly advantageous in cases
where the state government has already satisfied some of the fed-

eral or state regulatory hurdles of getting approval to farm in state

waters for the zoned locations (e.g. through a programmatic general
permit). As an example of zoning, Florida's Aquaculture Use Zones
(AUZs) have a more streamlined process for obtaining a shellfish
aquaculture lease although it is possible to apply for a lease outside
of AUZs. Lastly, beyond simplifying industry entry, aggregating aqua-
culture operations within a zoning plan can drive the development
of localized supporting infrastructure, such as roads and marinas, as
well as supporting industries such as hatcheries and wholesalers.*¢
However, it is possible that zoning in some cases, at least initially,
is perceived as restricting development by taking locations ‘off the
table’ or that a lack of zoning is not a roadblock to development in
states with other enabling conditions. The relationship with sales
value also could be complicated by the fact that some of the zoning
laws are relatively new (e.g. Shellfish Aquaculture Enterprise Areas
were authorized in North Carolina in 2019) or only apply to specific
counties or regions within the states (e.g. Shellfish Cultivation Zones
in New York were designated by Suffolk County) (Table S1).

Also contrary to our expectations, we found that comprehensive
aquaculture development acts, on their own, did not appear to be
necessary for enabling aquaculture development. This result may
be explained by the ubiquity of piecemeal mariculture legislation
in many states. A comprehensive development act can formalize

and support the growth of mariculture, as can be seen in states like
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FIGURE 2 Relationships between enabling policy score and four metrics of mariculture output. Linear regression results presented in

Table 4
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FIGURE 3 Mariculture output by the presence or absence of different policy attributes. The only significant or near significant
differences (noted with *’ on the plots) were for government contact for number of species (p = 0.020) and number of farms (p = 0.010);
supportive policies for number of species (p = 0.097) and number of farms (p = 0.016); best management practices (BMPs) and right to farm
legislation for number of farms (p = 0.052 and 0.073, respectively), and mariculture zoning for sales value (p = 0.088; zoning was associated
with lower sales values). All other comparisons were not statistically significant (p > 0.1). (') No and () Yes

New Jersey and Florida, but piecemeal legislation with specific aims
to support development, especially when paired with targeted ini-
tiatives and collaborations, may serve a comparable function. This
piecemeal approach may be commonly employed because it provides
additional flexibility and can be tailored to different environments,
as well as social and political contexts. Of the 12 states that did not
have a comprehensive aquaculture act, nine had non-comprehensive
marine aquaculture legislation and 78% of all states (n = 18) had
initiatives, policies or programmes that support mariculture devel-
opment. The only state lacking a comprehensive development act,
non-comprehensive legislation and supportive initiatives or policies
was New Hampshire, which had very little mariculture production.
However, New Hampshire also has a very short coastline, limiting
opportunities for development. Maine provides a good example of
an effective piecemeal approach; the state created a non-binding
but thorough Aquaculture Development Strategy alongside various
legislation and other supportive initiatives. For example, Maine re-
lies heavily on cross-sector collaborations such as the Gulf of Maine
Research Institute, which is a non-profit organization that works

closely with academia and industry and receives some state fund-
ing to support the growth and sustainability of the industry. Maine
also utilizes strategic initiatives, such as the Maine Aquaculture
Innovation Center, which was established in 1988 by the legislature
with the mission to develop sustainable aquaculture opportunities.
These collaborations and initiatives likely facilitated additional infor-
mal collaborations and resulted in numerous resources and oppor-
tunities for individuals to get involved in the industry, compensating
for the lack of comprehensive mariculture legislation and supporting
the growth of the industry.*” In fact, Maine's mariculture industry
currently supports a range of production, from larger, often corpo-
rate, operations (>$2 million annual sales revenue) to small-scale,

locally owned operations (<$500,000 annual sales revenue).*®

3.2 | Challenges with measuring enabling policy

There are several plausible explanations for why the enabling policy
score was not a strong predictor of mariculture output (Table 4). For



LESTER ET AL.

12
REVIEWS IN Aquaculture

one, it is a simplified index. Each primary component is weighted
equally, but certain criteria likely play a more substantial role than
others, and importance may vary by state. If we had better infor-
mation or specific hypotheses regarding which criteria are most
important, we could adjust the weightings accordingly. However,
‘effective policy’ is complex, multi-dimensional and highly depend-
ent on other variables (e.g. agency capacity, political will), making
it hard to quantify. It is possible that there are multiple routes or
strategies to achieving enabling policy for mariculture, where in
some cases a single overarching mariculture act could have a similar
impact to that of multiple other policy attributes acting collectively.
A state government's ‘enabling attitude’, for example, having staff
accessible to assist potential farmers with navigating the permit-
ting process and providing accessible resources and information to
promote development, might also be more important than specific
policies. Furthermore, the mariculture data are incomplete and un-
derestimate mariculture output for all states, although the degree
of underestimation varies depending on the state and mariculture
metric.®® The relative nascency and small magnitude of the maricul-
ture industry in most states may hinder detection of robust relation-
ships between policy and mariculture output. When the addition of
a single farm can make a large proportional impact on state produc-
tion values, noise in the data can more easily overwhelm any signal
and, as an emerging sector, the industry and its governance are very
dynamic. Lastly, for many policy attributes, we would expect a lag
between the implementation of the attribute and any effect on mari-
culture output given that it takes time for policies and programmes
to be fully implemented and for farms to acquire permits and be-
come operational. It was not feasible to formally account for such
lags in our analysis, but this factor alone could obscure a relationship
between policy and mariculture productivity.

Another challenge is that enabling policies often have other goals
beyond increasing production, such as improving social acceptance,
addressing other societal goals and ensuring long-term persistence
of the industry. This can complicate measuring ‘success’ of these pol-
icies. For example, policy can aim to provide coordination and align-
ment with other ocean uses and management objectives, particularly
those that have the potential to conflict with mariculture such as
wild fisheries. Fishers are often one of the more vocal opponents of
marine aquaculture development because of concerns about market
competition, preemption of fishing grounds and damage to ecosys-
tem health or wild stocks caused by farming practices.***° We found
that over 75% of states have the same agency managing fisheries
and marine aquaculture, which could facilitate coordination be-
tween the two seafood sectors and alleviate potential conflicts and
opposition. However, this consolidation of management also could
cause the overshadowing of marine aquaculture priorities in states
with robust wild fisheries or could result in rules and reporting re-
quirements that are more appropriate to one sector being applied
to the other. We found that in some states, management of shellfish
farming and shellfish fishing were categorized and treated in ways
that could be confusing, blurring boundaries between fishing and
farming regulations. For example, in Louisiana, oyster fishers holding

a commercial fishing license and an oyster harvester license can har-
vest wild oysters from public or leased grounds, or can farm oysters
on their leased area if they have an Alternative Oyster Culture Permit
(https://www.wilf.louisiana.gov/page/alternative-oyster-culture).
Additionally, supportive and effective policy is often a bal-
ancing act, seeking to protect environmental and socioeconomic
sustainability while also encouraging investment and entrepreneur-
ship.?! Mariculture features prominently in modern blue economy
discourses as a means of economic growth that will broadly ben-
efit coastal communities.’*>® However, efforts to identify specific
policies and mechanisms by which mariculture will support com-
munities, outside of the direct benefits of employment, are lack-
ing.>#5> This ‘people-policy gap’ - the gap in knowledge exchange
between policy makers and people who depend on aquaculture for
food security, nutritional security, employment or other benefits -
can create disparities and inequities in the benefits accrued from
mariculture development.>>¢ As the push for mariculture expan-
sion continues, policy and governance can play critical roles not only
in maximizing the benefits of the industry's economic growth, but
also ensuring equity, social justice, nutritional security and collec-
tive well-being within the coastal communities in which mariculture
takes place.?>**% This type of community-centred governance em-
phasizes participation and collaboration in policy and rulemaking at
the local level, which is a smaller scale than our state-level analysis,
but offers a valuable perspective in interpreting our findings as well
as current and future expectations of the role of mariculture policy.
Finally, effective policy can support efforts to plan and prepare
for future conditions to ensure the long-term sustainability and resil-
ience of the mariculture sector. In particular, the aquaculture industry
must contend with climate change. Marine aquaculture is suscepti-
ble to climate-related hazards, such as tropical cyclones, increasing
ocean temperatures, ocean acidification, increased hypoxia, reduced
primary productivity and sea-level rise.>85? Adaptation strategies
will be required to continue aquaculture growth without compro-
mising environmental sustainability in the face of climate change,*®
and more streamlined regulatory regimes for aquaculture could help
the sector be more flexible and adaptable in the face of change.°
Government policies and regulations also can help promote forms
of marine aquaculture that can directly contribute to climate change
mitigation and adaptation, such as seaweed culture.®* Despite this
clear need for forward-looking state policy that includes explicit cli-
mate change planning, risk mitigation and adaptation strategies for
marine aquaculture, only three states (13%) had a climate change
policy or strategy that included considerations for aquaculture
(Table S1). Connecticut has a climate change preparedness plan that
includes recommendations for strategies such as researching more
disease-resistant and temperature-tolerant strains or species and
improving sewage treatment infrastructure to reduce runoff during
extreme rain events because of water quality impacts on shellfish
farms. Massachusetts’ ‘act to promote climate change adaptation’
includes the formation of a legislative commission to investigate the
impacts of ocean acidification, including on shellfish aquaculture.
Similarly, Washington has an ‘integrated climate response strategy’
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that includes consideration of aquaculture, particularly acidification
effects on shellfish farming. Other states will likely need to follow in

these footsteps to support resilient mariculture development.

3.3 | Gapsin the policy synthesis

Our enabling policy score may have been missing important at-
tributes for enabling mariculture growth. While we attempted to
document as many enabling factors as possible, we were not able
to capture all factors that may be important due to a lack of compa-
rable data across states. For example, we did not account for regula-
tory costs to farmers - including both the direct costs of obtaining
permits and other regulatory requirements, or the indirect costs of
lost farm productivity due to lengthy regulatory procedures or bar-
riers to farm expansion or diversification to meet demand.*?¢%¢3
‘Enabling’ laws or policies may not actually facilitate industry devel-
opment if the costs are too high or too uncertain. Data from the west
coast of the United States have documented the substantial regula-
tory costs for shellfish farms, and these costs are disproportionally
high for smaller operators and, thus, potential new entrants,62 with
similar results from a study of salmonid farms throughout the United
States.®® Therefore, truly enabling policy may require identifying
more cost-efficient and streamlined structures to achieve the same
regulatory objectives.®* Additionally, costs could be offset by gov-
ernment subsidies that directly or indirectly (e.g. by lowering input
costs such as feeds) benefit the industry, or by government invest-
ment in mariculture infrastructure, research and development, and
extension, but we did not account for such factors unless they were
captured in an explicit ‘supportive initiative or policy’.

We also did not account for differences in marine tenure or own-
ership rights among states. Marine property rights in the United
States are complex, context-specific and often ambiguous,65 al-
though they are generally guided by the public trust doctrine, which
holds that the government has an obligation to protect marine re-
sources (including the water column and seabed) for the public good.
Thus, private ownership of submerged lands is rare, although many
states do have some privately held submerged lands. It is also com-
mon for states to allow leasing of the seabed and occasionally the
water column.®>%® For farmers, more complete ownership rights can
provide more short- and long-term security for their business, and
thus states that allow greater private ownership of submerged lands
could facilitate more mariculture development.??¢”

Lastly, we did not explicitly account for governance fragmen-
tation or for policies directly restricting aquaculture development.
Polycentric mariculture governance, whereby different government
agencies have jurisdiction over mariculture or where mariculture
policy and management are decentralized, could decrease the effi-
cacy of individual enabling policies. Even if key enabling factors are
in place, the lack of coordination among different agencies to im-
plement them could also hinder their efficacy, just as coordination
among governing institutions can facilitate aquaculture expansion as
has been seen in Norway.®® New policies can also fail if they do not

13
REVIEWS IN Aquaculture

address underlying problems with existing policy structures. For ex-
ample, ‘policy layering’ whereby new elements are added to existing
institutions and structures, can prevent more fundamental change or
more integrated management.’ Furthermore, while we attempted
to focus on policy attributes that we hypothesized could support
development and expansion, regulations regarding natural resource
use in the United States often focus on environmental protection,
and thus mariculture policy could aim to limit development. In a
global empirical analysis of aquaculture production (including fresh-
water and marine production), it was found that stringent environ-
mental regulations were significantly and negatively associated with
aquaculture growth.70 In states like California, strict environmental
regulations are often seen as a barrier to coastal and ocean develop-
ment, and the state has agencies that are legislatively charged with
protecting ocean ecosystems and marine-protected areas that pro-
hibit mariculture. Similarly, we did not account for policy that seeks
to limit or deprioritize mariculture in favour of other ocean uses or
management objectives that may be at odds with mariculture expan-
sion, such as recreational or commercial fisheries, shipping, oil and

gas extraction, water quality and species and habitat protections.

4 | LOOKING BEYOND GOVERNMENT
MARICULTURE POLICY

Another reason for the weak relationship that we found between
mariculture policy and mariculture output is that numerous other
factors besides government mariculture policy influence develop-
ment patterns. For one, the policies that impact development may
not always be specific to aquaculture, and instead could reflect much
broader approaches to regulating trade, industry investment and
financing, coastal development and fiscal policies.”* Furthermore,
looking beyond policy altogether, factors such as the availability and
quality of physical infrastructure needed for both production and
market delivery, available production inputs (e.g. seed/fingerlings,
feed), local demand for farmed products and supportive industry or-
ganizations and financing institutions could all be important.2%277%
Aspects of governance beyond government policy, including
social movements, market-based programmes and public-private
partnerships, have enabled or inhibited industry development and
expansion in many parts of the world.”>”® Environmental non-
governmental organizations have played a particularly large role in
sustainable seafood governance, leading sustainability initiatives,
developing production standards and shaping public attitudes about
aquaculture.72 Private companies have also been influential, develop-
ing regulations and standards to improve aquaculture performance
in the face of over- or under-regulation by governments,73 Many of
these efforts are market-based approaches, such as certification
schemes, eco-labels and consumer guides, which attempt to motivate
more sustainable aquaculture practices with market incentives.”®
Further, farmers have attempted to leverage collective action and
social movements to reduce environment risks’* or develop more in-

clusive sustainability standards along the full value chain.”®
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Public attitudes towards mariculture are also important,w'76
and commercial mariculture has not garnered the widespread so-
cial licence to operate afforded to terrestrial agriculture or to wild
fisheries in many states.”””® The industry has faced opposition, par-
ticularly from conservation and fishing interest groups and coastal
property owners, slowing or even blocking development in some
areas.””®° Thus, the availability of ocean space with both suitable
mariculture production conditions and limited-to-no conflict with
other established marine activities could play a role in state-level

industry development.81

5 | IMPLICATIONS

This synthesis is a snapshot of state-level policies and regulations
for sustainable mariculture development in the United States. It pro-
vides information from which current and future efforts to develop
mariculture policies and regulations at local, state and federal levels
can benefit, as well as a catalyst for more research ideas and op-
portunities to better understand the relationship between policy
and sustainable mariculture development. This synthesis could pro-
mote coordination and learning across states and between agencies
responsible for managing marine and freshwater sectors, facilitate
regional or interagency cooperation and inform a federal strategy
to support mariculture development. Information exchange across
states is often hindered by a lack of cooperative mechanisms and
incentives.'? A central repository of current policies, practices and
regulations could help circumvent these hurdles. For instance, states
interested in creating new mariculture policies can use the reposi-
tory to explore what other states have enacted to inform their deci-
sions and processes, as well as initiate greater knowledge transfer
among states, a critical domain for building adaptive capacity into
aquatic food sectors.5283

Aquaculture is a rapidly growing sector across many regions of
the world, and thus the lessons learned from this analysis could be
relevant for helping shape sustainable growth strategies in both
marine and freshwater aquaculture and across a diversity of coun-
tries. A recent global synthesis of national mariculture policy found
that many countries with growing marine aquaculture industries
have some level of regulation and environmental protections, but
do not have clear policy frameworks for continued growth of the
sector, particularly in the offshore realm.??8* As growth continues,
many of these countries will be working to develop new policy to
ensure sustainable growth while enabling continued industry expan-
sion. As examples, Canada is experiencing growing motivation for
national legislation to provide state support for aquaculture expan-
sion that is environmentally sustainable and socially responsible,®
and Australia has a National Aquaculture Strategy that identifies
efficient regulatory frameworks as a top priority for encouraging
industry growth.®® While marine aquaculture was central to this re-
search, overlap and interaction with freshwater aquaculture directly
(e.g. anadromous species) and indirectly (e.g. governing agencies,
markets) further highlights the value of clear planning and policies

for the sector as a whole. Thus, the enabling attributes and example
policies synthesized here provide a useful resource to other nations
seeking to support aquaculture development.

In addition to the implications of our synthesis in applied aqua-
culture settings, this work also contributes to the broader schol-
arship on polycentric governance, specifically within the context
of marine spaces. As the ocean is not a static environment like its
terrestrial counterpart, there are unique dynamics and challenges
to decentralized marine governance, which drives new consider-
ations of how polycentric systems are operationalized. Importantly,
the diversity of policy approaches documented in this synthesis
suggests that creating an enabling (or restrictive) policy environ-
ment for marine aquaculture can be accomplished by a variety of
means. These results indicate that there is not a simple formula to
encourage development; however, there are certain characteristics
that do seem to be associated with more successful mariculture
development.

As aquaculture for marine and freshwater species continues to
expand - in the United States and around the world - policy will
be an important driver of expansion patterns. Additionally, effec-
tive policy can be important for safeguarding against environmental
damage, promoting production methods that will be sustainable and
resilient to climate change, providing resources for management and
monitoring, preventing private interests from eroding public goods
and benefits, and decreasing conflicts among ocean user groups.
Understanding the different policy approaches that states are using
to strive for achieving these diverse objectives is useful for charting
a productive and sustainable pathway for U.S. mariculture and global
aquaculture more broadly.
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